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I- 

The communications suppor t  coverage of  t h e  S a t u r n  F 

Workshop (SWS) of  mis s ion  SL-1 o f  t h e  Skylab Program provided  
by e x i s t i n g  land-based s t a t i o n s  o f  t h e  Manned Space F l i g h t  N e t -  
work ( M S F N )  d u r i n g  t h e  f i r s t  50 minutes  a f t e r  i n s e r t i o n  o f  t h e  
SWS i n t o  E a r t h  o r b i t  i s  examined. I t  i s  shown t h a t  some o f  t h e  
programmed sequenced e v e n t s  performed by t h e  SWS under  c o n t r o l  
o f  t h e  Ins t rument  Un i t  ( I U )  such as j e t t i s o n  o f  t h e  Payload 
Shroud (PS), a c q u i s i t i o n  of t h e  so l a r  i n e r t i a l  a t t i t u d e  and de- * 
ployment of t h e  so la r  a r r a y s  of  t h e  Apollo Telescope  Mount (ATM) . 
and O r b i t a l  Workshop (OWS) which are c r i t i c a l  t o  mis s ion  s u c c e s s  
w i l l  occu r  when t h e  SWS w i l l  n o t  be w i t h i n  l i n e - o f - s i g h t  o f  a 
land-based s t a t i o n  of t h e  MSFN. Data necessa ry  f o r  p o s t  mi s s ion  
a n a l y s i s  of  t h e s e  c r i t i c a l  even t s  w i l l  be inc luded  i n  t h e  data  
t r a n s m i t t e d  i n  real-time from t h e  A i r l o c k  Module (AM) v i a  a VHF 
t e l e m e t r y  l i n k  and from t h e  Ins t rument  Un i t  ( I U )  v ia  t h e  S-band 
Command and Communications S y s t e m  (CCS). R e t r i e v a l  o f  t h i s  
data  i s  h i g h l y  d e s i r a b l e  from t h e  s t a n d p o i n t  o f  i n c o r p o r a t i n g  
f i x e s  i n  t h e  backup SWS i n  t h e  e v e n t  t h a t  t h e  pr imary SWS f a i l s  
t o  perform any of  t h e  m i s s i o n  c r i t i c a l  programmed sequenced 
e v e n t s  c a u s i n g  c a n c e l l a t i o n  of subsequent  manned v i s i t  mi s s ions  
t o  t h e  SWS. 

From s t r i c t l y  geomet r i ca l  c o n s i d e r a t i o n s ,  t h r e e  A R I A  
p l u s  t h e  Vanguard (an  Apollo i n s t r u m e n t a t i o n  s h i p )  would be 
s u f f i c i e n t  t o  f i l l  t h e  gaps i n  t e l e m e t r y  s u p p o r t  of t h e  SWS 
d u r i n g  t h e  t i m e  p e r i o d  o f  i n t e r e s t  when t h e  SWS i s  n o t  w i t h i n  
l i n e - o f - s i g h t  of any o f  t h e  MSFN s t a t i o n s .  However, t h e  p re -  
d i c t e d  performance of t h e  AM t o  A R I A  VHF t e l e m e t r y  l i n k  d i s -  
cussed  i n  t h i s  memorandum sugges t s  t h a t  a t  l eas t  t h r e e  add i -  
t i o n a l  A R I A ,  and p o s s i b l y  more, would h e  r e q u i r e d  t o  f i l l  t h e s e  
coverage gaps because o f  t h e  l i m i t e d  range  over which t h e  A R I A  
can  s u p p o r t  t h e  VHF t e l e m e t r y  l i n k  from t h e  AM. I n s t e a d  of 
u s i n g  A R I A ,  it i s  sugges t ed  t h a t  t h e  d a t a  r e q u i r e d  f o r  p o s t  
mi s s ion  a n a l y s i s  o f  t h e  programmed sequenced e v e n t s  be recorded  
on-board t h e  AM u s i n g  e x i s t i n g  equipment and be dumped a t  a 
l a t e r  t i m e  t o  a land-based s t a t i o n  of t h e  MSFN.  
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The p o t e n t i a l  requirement  f o r  cont inuous  t e l e m e t r y  
s u p p o r t  o f  t h e  S a t u r n  Workshop (SWS) of  mis s ion  SL-1 o f  t h e  
Skylab Program ( o r  Skylab A)  t o  pe rmi t  p o s t  f l i g h t  a n a l y s i s  o f  
t h e  performance (or l a c k  t h e r e o f )  o f  t h e  sequencing  f u n c t i o n s  
scheduled  t o  be  completed wi th in  approximately t h e  f i r s t  45 
minutes  a f t e r  i n s e r t i o n  of  t h e  SWS i n t o  E a r t h  o r b i t  i s  d i s -  
cussed  i n  t h i s  memorandum. There are f i v e  major sequencing  
f u n c t i o n s :  j e t t i s o n  o f  t h e  Payload Shroud ( P S ) ,  deployment of 
t h e  Apollo Telescope  Mount ( A T M ) ,  deployment of  t h e  solar  a r r a y s  
of  bo th  t h e  ATM and t h e  O r b i t a l  Workshop ( O W S ) ,  and a c q u i s i t i o n  
of  t h e  s o l a r  i n e r t i a l  a t t i t u d e  such t h a t  t h e  p l a n e  of  t h e  s o l a r  
a r r a y s  i s  p e r p e n d i c u l a r  t o  t h e  Earth-Sun l i n e .  The Launch 
Veh ic l e  D i g i t a l  Computer (LVDC) l o c a t e d  i n  t h e  Ins t rumen t  Uni t  
( I U )  which i s  p a r t  o f  t h e  SWS w i l l  p rov ide  p r o g r a m e d  commands 

which w i l l  i n i t i a t e  t h e s e  sequenced f u n c t i o n s  as w e l l  as i n i -  
t i a t i n g  deployment o f  t h e  VHF/UHF d i scone  an tennas  o f  t h e  A i r -  
l o c k  Module (AM) and deployment of  t h e  meteoro id  s h i e l d s  o f  t h e  
OWS v i a  o p e r a t i o n  of a p p r o p r i a t e  swi t ch  selectors.  F a i l u r e  t o  
per form any one of  t h e s e  f i v e  major f u n c t i o n s  would be s u f f i c i e n t  
cause  t o  c a n c e l  t h e  succeeding manned v i s i t  mi s s ions  (SL-2 ,  SL-3, 
and SL-4)  t o  t h e  Skylab A .  F a i l u r e  t o  deploy t h e  VHF/UHF d i s -  
cone an tennas  o r  t h e  OSW meteoroid s h i e l d s  would m o s t  l i k e l y  n o t  
be s u f f i c i e n t  t o  c a n c e l  mission SL-2. Consequent ly ,  it appea r s  
h i g h l y  d e s i r a b l e  t o  be a b l e  t o  de termine  t h e  cause  o f  t h e  f a i l u r e  
t o  perform any of  t h e s e  f i v e  major f u n c t i o n s  so t h a t  a f i x  c o u l d  
be i n c o r p o r a t e d  if necessary  i n t o  t h e  backup hardware (or  Skylab 
B )  t o  p rec lude  a s i m i l a r  f a i l u r e .  

I t  should  be noted t h a t  any one of  t h e  LVDC pro-  
g r a m e d  sequence e v e n t s  d i s c u s s e d  above cou ld  be commanded 
f r o m  t h e  ground v i a  t h e  up-data l i n k  t o  t h e  I U .  I n  a d d i t i o n ,  
w i t h  t h e  excep t ion  of  t h e  j e t t i s o n  o f  t h e  PS,  each  of  t h e s e  
e v e n t s  could  a l s o  be  commanded from t h e  ground v i a  t h e  up-data 
l i n k  t o  t h e  AM. Commands w i l l  be  t r a n s m i t t e d  from a s t a t i o n  
of  t h e  Manned Space F l i g h t  Network (MSFN) t o  t h e  Command and 
Communications System (CCS) o f  t h e  I U  v i a  an S-band carrier and 
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t o  t h e  UHF D i g i t a l  Command System (DCS)  o f  t h e  AM v i a  a 4 5 0  MHz 
c a r r i e r .  

V e r i f i c a t i o n  t h a t  t h e s e  programmed sequence e v e n t s  
have o c c u r r e d ,  w i t h  t h e  excep t ion  of  t h e  a c q u i s i t i o n  of  t h e  s o l a r  
i n e r t i a l  a t t i t u d e ,  w i l l  be  provided t o  t h e  ground v i a  t h e  real-  
t i m e  VHF t e l e m e t r y  l i n k  from t h e  AM. In fo rma t ion  w i l l  a l s o  be  
i n c l u d e d  i n  t h e  d a t a  t r a n s m i t t e d  v i a  t h e  real-time t e l e m e t r y  
l i n k  from t h e  AM which w i l l  f a c i l i t a t e  ma l func t ion  a n a l y s i s  of  
t h e  ordnance c i r c u i t s  which m u s t  o p e r a t e  t o  i n i t i a t e  each  of t h e  
major programmed sequence events. In fo rma t ion  on t h e  a t t i t u d e  
o f  Skylab A d u r i n g  t h e s e  e a r l y  p e r i o d s  of  mis s ion  SL-1 w i l l  be 
provided  t o  t h e  ground by a r ea l - t ime  t e l e m e t r y  l i n k  from t h e  
I U  v i a  t h e  CCS.  

Although t h e  t i m e l i n e  from t h e  programmed sequence o f  
major e v e n t s  has  y e t  t o  be  f i n a l i z e d ,  p r e l i m i n a r y  in fo rma t ion  
i n d i c a t e s  t h a t  t h e  major events  d i s c u s s e d  above w i l l  nominal ly  
be completed w i t h i n  35 t o  50 minutes a f t e r  t h e  SWS o f  mis s ion  
SL-1 has  been i n s e r t e d  i n t o  Ear th  o r b i t .  F igu re  1 shows a map 
of  t h e  world w i t h  t h e  ground t r a c k  of t h e  nominal o r b i t  (a 
c i r c u l a r  E a r t h  o r b i t  o f  235 n a u t i c a l  m i l e s  a l t i t u d e  w i t h  an i n -  
c l i n a t i o n  o f  50 deg rees )  of t h e  SWS s t a r t i n g  a t  t h e  E a r t h  o r b i t  
i n s e r t i o n  p o i n t  superimposed. I f  t h e  ground t r a c k  e n t e r s  one of  
t h e  c i rc les  superimposed on t h i s  map, l i n e - o f - s i g h t  w i l l  be 
e s t a b l i s h e d  between t h e  p o i n t  on t h e  E a r t h  a t  t h e  c e n t e r  o f  t h e  
c i r c l e  and t h e  SWS i n  i t s  235 n a u t i c a l  m i l e  o r b i t  above an assumed 
l i n e - o f - s i g h t  mask of  t h r e e  degrees  above t h e  l o c a l  ho r i zon  o f  
t h e  s t a t i o n .  Assuming t h e  use o f  on ly  e x i s t i n g  s t a t i o n s  of  t h e  
MSFN a t  Bermuda ( B D A ) ,  Madrid ( M A D ) ,  Carnarvon ( C R O ) ,  and 
Honeysuckle C r e e k  (HSK) a s  shown i n  F igu re  1, con t inuous  real- 
t i m e  t e l e m e t r y  r e c e p t i o n  by t h e  e x i s t i n g  land-based s t a t i o n s  of  
t h e  MSFN from t h e  SWS w i l l  no t  be  p o s s i b l e  d u r i n g  t h a t  p o r t i o n  
of t h e  f i r s t  E a r t h  o r b i t  of  in te res t .  A p roposa l  has  been made 
t o  use  t h e  Apollo/Range I n s t r u m e n t a t i o n  A i r c r a f t  ( A R I A )  t o  re- 
c e i v e  and r e c o r d  r e a l - t i m e  t e l e m e t r y  t r a n s m i s s i o n s  from t h e  SWS 
d u r i n g  t h a t  p e r i o d  of i n t e r e s t  o f  t h e  f i r s t  o r b i t  when l i n e - o f -  
s i g h t  does n o t  e x i s t  between a land-based s t a t i o n  of t h e  MSFN 
and t h e  SWS. 

The use of A R I A  t o  provide  t h e  i n d i c a t e d  t e l e m e t r y  
s u p p o r t  of t h e  SWS i s  examined i n  t h e  fo l lowing  paragraphs  and 
an  a l t e r n a t i v e  method of o b t a i n i n g  t h e  d e s i r e d  d a t a  f o r  p o s t  
mi s s ion  a n a l y s i s  i s  sugges ted .  The c u r r e n t  t i m e l i n e  f o r  t h e  
programmed sequenced e v e n t s  and r e l a t e d  m i s s i o n  c o n s t r a i n t s  are 
p r e s e n t e d  i n  S e c t i o n  2 . 0 .  The communications s u p p o r t  coverage 
of  t h e  SWS provided  by e x i s t i n g  land-based s t a t i o n s  of  t h e  MSFN 
and a p o s s i b l e  s t r a t e g y  f o r  use of  A R I A  and t h e  Apollo instrumen- 
t a t i o n  s h i p  t o  p rov ide  t h e  a d d i t i o n a l  i n d i c a t e d  coverage  a r e  
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d i s c u s s e d  i n  S e c t i o n  3 .0 .  C h a r a c t e r i s t i c s  o f  t h e  t e l e m e t r y  
subsystems o f  t h e  AM and t h e  I U ,  t h e  e x t e n t  of t h e  d a t a  i n c l u -  
ded i n  t h e  t e l e m e t r y  l i n k  from t h e  AM p e r t a i n i n g  s p e c i f i c a l l y  
t o  t h e s e  programmed sequenced e v e n t s ,  and t h e  t e l e m e t r y  s u p p o r t  
c a p a b i l i t i e s  o f  t h e  A R I A  i n c l u d i n g  a d i s c u s s i o n  o f  t h e  communi- 
c a t i o n s  performance margins  f o r  t h e  t e l e m e t r y  l i n k s  o f  i n t e r e s t  
are summarized i n  S e c t i o n  4.0. The r e s u l t s  of t h i s  examinat ion  
of t h e  use  of A R I A  t o  suppor t  Skylab A are p r e s e n t e d  and an  a l -  
t e r n a t i v e  method o f  o b t a i n i n g  t h e  r e q u i r e d  data f o r  p o s t  mi s s ion  
a n a l y s i s  is sugges t ed  i n  Sec t ion  5 .0 .  

2 . 0  TIMELINE FOR THE PROGRAMMED SEQ'JENCED EVENTS 

Fol lowing i s  a n  approximate t i m e l i n e  f o r  t h e  programmed 
sequence of major e v e n t s  c o n t r o l l e d  by t h e  LVDC i n  t h e  I U .  A l s o  
i nc luded  i s  a b r i e f  d i s c u s s i o n  of t h e  mis s ion  c o n s t r a i n t s  r e l a t e d  
t o  t h e s e  programmed sequenced e v e n t s .  

Immediately a f t e r  t h e  s p a c e v e h i c l e  of mis s ion  SL-1 
h a s  been i n s e r t e d  i n t o  E a r t h  o r b i t  and t h e  S - I 1  s t a g e  eng ine  
t h r u s t  h a s  decayed, t h e  S - I 1  s t a g e  w i l l  be  s e p a r a t e d  from t h e  
SWS by f i r i n g  t h e  S- I1  s t a g e  r e t r o r o c k e t s .  Immediately a f t e r  
s e p a r a t i o n  of t h e  S - I 1  s t a g e ,  t h e  SWS under  I U  c o n t r o l  w i l l  beg in  
a p i t c h  r o t a t i o n  maneuver i n  t h e  nose  down d i r e c t i o n  which when 
completed w i l l  l e a v e  t h e  SWS i n  t h e  r e t r o g r a d e  a t t i t u d e  (MDA 
p o i n t i n g  i n  t h e  d i r e c t i o n  o p p o s i t e  t h e  SWS v e l o c i t y  vector . )  
During t h i s  p i t c h  r o t a t i o n  maneuver as t h e  SWS p a s s e s  through 
t h e  nose down p o s i t i o n  (MDA p o i n t i n g  toward t h e  E a r t h )  which w i l l  
o c c u r  approximate ly  f i v e  minutes a f t e r  i n s e r t i o n ,  t h e  PS w i l l  
be  j e t t i s o n e d .  No a t t e m p t  w i l l  be  made t o  deploy t h e  VHF d i scone  
an tennas  o f  t h e  AM o r  t o  deploy t h e  ATM u n t i l  t h e  PS h a s  been 
s u c c e s s f u l l y  j e t t i s o n e d .  Af t e r  PS j e t t i s o n  b u t  b e f o r e  ATM de- 
ployment,  t h e  VHF d i scone  antennas w i l l  be  d.eployed. A f t e r  t h e  
SWS h a s  reached  t h e  r e t r o g r a d e  a t t i t u d e  which w i l l  occu r  a t  ap- 
proximate ly  11 minutes  a f t e r  i n s e r t i o n ,  t h e  ATM w i l l  be deployed 
( r o t a t e d  f r o m  t h e  p l u s  X-axis o f  t h e  SWS t o  t h e  minus Z-axis 
o f  t h e  SWS) t a k i n g  approximately f i v e  minutes .  N o  a t t e m p t  w i l l  
be  made t o  deploy t h e  ATM s o l a r  a r r a y s  u n t i l  t h e  ATM has  been 
s u c c e s s f u l l y  deployed.  A t  approximately o r b i t a l  midnight ,  which 
w i l l  occu r  a t  approximate ly  30 minutes  a f t e r  i n s e r t i o n ,  t h e  SWS 
w i l l  a c q u i r e  and t h e n  maintain a so la r  i n e r t i a l  a t t i t u d e  under  
I U  c o n t r o l .  Switchover of  a t t i t u d e  c o n t r o l  from t h e  I U  t o  t h e  
ATM d i g i t a l  computer must be accomplished b e f o r e  7 .5  hours  a f t e r  
l i f e - o f f  because t h a t  i s  t h e  des ign  l i f e t i m e  o f  t h e  b a t t e r y  
power supply  o f  t h e  I U .  The ATM d i g i t a l  computer cannot  success -  
f u l l y  assume c o n t r o l  of t h e  a t t i t u d e  o f  t h e  SWS u n t i l  t h e  ATM 
has  been s u c c e s s f u l l y  deployed. A c t i v a t i o n  o f  t h e  C o n t r o l  Moment 
Gyros ( C M G ' s )  w i l l  beg in  a f t e r  deployment of t h e  OWS s o l a r  a r r a y s .  
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There  i s  some u n c e r t a i n t y  as t o  t h e  e x a c t  t i m i n g  o f  
t h e  deployment of  t h e  ATM and OWS s o l a r  a r r a y s .  A mis s ion  con- 
s t r a i n t  does e x i s t ,  however, which s ta tes  t h a t ,  based on f i r s t  
o r b i t  deployment,  t h e  OWS s o l a r  a r r a y  deployment cannot  be  de- 
p loyed  e a r l i e r  t h a n  3105 seconds p r i o r  t o  o r b i t a l  noon nor  l a t e r  
t h a n  610 seconds a f t e r  o r b i t a l  noon (assuming an o r b i t  p e r i o d  o f  
5580 seconds)  i n  o r d e r  t o  avoid permanent damage t o  t h e  a r r a y  
caused  by the rma l  e f f e c t s .  
deployed as e a r l y  as 30 minutes a f t e r  i n s e r t i o n  or a s  l a t e  as 48 
minutes  af ter  i n s e r t i o n  acco rd ing  t o  d i f f e r e n t  proposed t i m e l i n e s .  
The ATM s o l a r  a r r a y s  w i l l  be deployed f i r s t .  The OWS s o l a r  a r r a y s  
w i l l  t h e n  be deployed.  The OWS s o l a r  a r r a y  beams must be  success -  
f u l l y  deployed b e f o r e  t h e  s o l a r  a r r a y  wings c a n  be deployed. 
s u c c e s s f u l  deployment of  t h e  OWS so la r  a r r a y s ,  t h e  OWS meteoroid 
s h i e l d s  w i l l  be deployed.  
meteoro id  s h i e l d s  u n t i l  t h e  OWS so lar  a r r a y s  have been deployed.  
There are a d d i t i o n a l  programmed sequenced e v e n t s  c o n t r o l l e d  by 
t h e  I U ,  b u t  t h e y  occur  s i g n i f i c a n t l y  l a t e r  i n  t h e  mis s ion .  I t  
shou ld  be noted  t h a t  a l l  electronic equipment mounted on t h e  
ATM r a c k  or  i n  t h e  MDA end o f  t h e  ATM c a n i s t e r  must be a c t i v a t e d  
n o t  l a t e r  than  t w o  hours  a f t e r  launch t o  avo id  permanent damage 
t o  e l e c t r o n i c  equipment r e s u l t i n g  from equipment t empera tu re  
f a l l i n g  below a l lowab le  l i m i t s .  

The ATM and OWS solar  a r r a y s  may be  

A f t e r  

N o  e f f o r t  w i l l  be made t o  deploy t h e  

Among t h e  p r e r e q u i s i t e s  f o r  a commit t o  launch  d e c i s i o n  
f o r  mis s ion  SL-2 are v a l i d a t i o n  o f  t h e  occur rence  of t h e  fo l low-  
i n g  e v e n t s  on t h e  SWS of  m i s s i o n  SL-1: 

S-I1  s t a g e  s e p a r a t e d ,  

PS s e p a r a t e d ,  

ATM deployed,  

ATM so la r  a r r a y s  deployed,  

OWS s o l a r  a r r a y s  deployed,  

Solar i n e r t i a l  a t t i t u d e  a c q u i r e d  and ma in ta ined ,  

ATM p o i n t i n g  c o n t r o l  system a c t i v a t e d  and p r o v i d i n g  
a t t i t u d e  c o n t r o l  of SWS, and 

Communications between SWS and MSFN e s t a b l i s h e d .  
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3 . 0  COMMUNICATIONS SUPPORT COVERAGE 

Line-of -s ight  contact  t i m e s  p rovided  between t h e  SWS 
and t h e  e x i s t i n g  s t a t i o n s  o f  t h e  MSFN above a t h r e e  d e g r e e  s ta -  
t i o n  h o r i z o n  mask w a s  c a l c u l a t e d  f o r  t h e  f i r s t  1 0 0  minutes  a f t e r  
i n s e r t i o n  of t h e  SWS i n t o  a c i r c u l a r  E a r t h  o r b i t  o f  235 n a u t i c a l  
m i l e s  a l t i t u d e  w i t h  an  i n c l i n a t i o n  of 50 deg rees .  The SWS i n s e r -  
t i o n  p o i n t  used  i n  t h i s  a n a l y s i s  w a s  68 .2219  W e s t  l o n g i t u d e  and 
37.9516 North l a t i t u d e .  The e f f e c t s  of n u l l s  i n  t h e  SWS an- 
t e n n a  p a t t e r n s ,  ground antenna gimbal-lock p o i n t i n g  r e s t r i c t i o n s ,  
f i n i t e  s i g n a l  a c q u i s i t i o n  times, and a tmospher ic  r e f r a c t i o n  of 
r a d i o  f requency  s i g n a l s  w e r e  neg lec t ed  i n  t h e s e  c a l c u l a t i o n s .  
These d a t a  are summarized i n  F igure  1 f o r  t h e  f i r s t  6 0  minutes  
a f t e r  i n s e r t i o n  of t h e  SWS i n  E a r t h  o r b i t .  Although t h e r e  are 
more s t a t i o n s  i n  t h e  MSFN than t h o s e  t h a t  are shown i n  F igu re  1, 
on ly  t h e  BDA, MAD, CRO, and HSK M S F N  s t a t i o n s  have l i n e - o f - s i g h t  
c o n t a c t  w i t h  t h e  SWS dur ing  t h e  t i m e  p e r i o d  o f  i n t e r e s t .  

A s  can be seen  from F igure  1 w i t h  r e f e r e n c e  t o  t h e  
t i m e l i n e  f o r  programmed sequenced f u n c t i o n s  d i s c u s s e d  i n  S e c t i o n  
2 . 0 ,  some of  t h e  programmed f u n c t i o n s  such as j e t t i s o n  o f  PS,  
a c q u i s i t i o n  of  t h e  so la r  i n e r t i a l  a t t i t u d e  and deployment o f  t h e  
ATM and OWS s o l a r  a r r a y s  w i l l  be  performed d u r i n g  p e r i o d s  when 
l i n e - o f - s i g h t  between a s t a t i o n  of  t h e  M S F N  and t h e  SWS w i l l  
n o t  e x i s t .  Consequent ly ,  i f  d a t a  r e q u i r e d  f o r  p o s t  mi s s ion  
a n a l y s i s  of t h e  performance of t h e  programmed f u n c t i o n s  can  on ly  
be o b t a i n e d  by r e c e i v i n g  and r eco rd ing  t h e  d a t a  t r a n s m i t t e d  
from t h e  AM and t h e  I U  i n  real-time, means must be p rov ided  
t o  cover t h e  gaps between l i n e - o f - s i g h t  c o n t a c t s  w i t h  t h e  SWS 
by s u c c e s s i v e  MSFN s t a t i o n s .  Each of  t h e  MSFN s t a t i o n s  shown 
i n  F i g u r e  1 c u r r e n t l y  has  t h e  c a p a h i l i t y  t o  s u p p o r t  t h e  CCS of 
t h e  I U  which i s  a u n i f i e d  S-Band (USB) t y p e  of communications 
l i n k .  However, of t h o s e  M S F N  s t a t i o n s  shown i n  F i g u r e  1, bo th  
t h e  MAD and H S K  MSFN s t a t i o n s  do n o t  p r e s e n t l y  have the  c a p a b i l -  
i t y  t o  s u p p o r t  t h e  VHF t e l e m e t r y  l i n k s  from t h e  AM o r  t h e  UHF 
command l i n k  t o  t h e  AM. F o r  t h e  purposes  of t h i s  a n a l y s i s ,  it 
w a s  assumed t h a t  t h e  necessary  VHF t e l e m e t r y  s u p p o r t  and UHF 
up-data  s u p p o r t  c a p a b i l i t i e s  w i l l  be added t o  t h e  MAD and HSK 
s t a t i o n s  before t h e  f i r s t  scheduled launch i n  t h e  Skylab Program. 

The l i n e - o f - s i g h t  c o n t a c t  gap between t h e  p o i n t  where 
t h e  BDA s t a t i o n  loses c o n t a c t  w i t h  t h e  SWS and t h e  p o i n t  where 
t h e  MAD s t a t i o n  a c q u i r e s  c o n t a c t  w i t h  t h e  SWS cou ld  e a s i l y  be 
e l i m i n a t e d  by p rope r  p o s i t i o n  o f  t h e  Vanguard, an in s t rumen ta -  
t i o n  s h i p  from the  Apollo Program which i s  c u r r e n t l y  r e q u i r e d  
t o  s u p p o r t  t h e  launch phase of t h e  manned launches  o f  t h e  Skylab 
Program. The Vanguard a l r e a d y  has  t h e  r e q u i r e d  c a p a b i l i t i e s  
t o  s u p p o r t  t h e  CCS o f  t h e  I U  and t h e  VHF t e l e m e t r y  and UHF 
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command l i n k s  of t h e  AM. 

Depending upon t h e  f i n a l i z e d  schedu le  fo r  ATM and OWS 
solar  a r r a y  deployment and OWS meteoro id  s h i e l d s  deployment,  m o s t  
of o r  t h e  e n t i r e  l i n e - o f - s i g h t  c o n t a c t  gap between t h e  p o i n t  where 
t h e  MAD s t a t i o n  l o s e s  c o n t a c t  w i th  t h e  SWS and t h e  p o i n t  where 
t h e  CRO s t a t i o n  a c q u i r e s  c o n t a c t  w i t h  t h e  SWS must be covered o r  
d e s i r e d  data w i l l  be l o s t .  From t h e  geometry o f  t h e  s i t u a t i o n ,  
it appea r s  t h a t  a t  least  t h r e e  ARIA w i l l  be r e q u i r e d  t o  cover 
t h i s  gap  regardless of when deployment of  t h e  ATM and OWS so la r  
a r r a y s  i s  i n i t i a t e d  i n  t h e  c u r r e n t  range  of from 30 t o  4 8  minutes  
a f t e r  i n s e r t i o n  of  t h e  SWS i n  Ea r th  o r b i t .  Assuming t h e  A R I A  
w e r e  even ly  spaced  a long  t h e  ground t r a c k  o f  t h e  SWS t o  p r o v i d e  
t h e  n e c e s s a r y  l i n e - o f - s i g h t  c o n t a c t  w i t h  t h e  SWS, t h e  major d i f -  
f e r e n c e  between t h e  two extreme c a s e s  w i l l  be  t h e  maximum range 
ove r  which communications must be conducted between t h e  A R I A  
and t h e  SWS. I t  should  be noted t h a t  t h e  A R I A  as p r e s e n t l y  
conf igu red  can p rov ide  r e c e i v e  s u p p o r t  of t h e  CCS l i n k  from t h e  
I U  and t h e  VHF t e l e m e t r y  l i n k s  from t h e  AM b u t  cannot  p rov ide  
up-data  s u p p o r t  of t h e  AM v i a  t h e  UHF command l i n k  n o r  of  t h e  
I U  v i a  t h e  CCS l i n k .  

4 . 0  I U  AND AM TELEMETRY SUBSYSTEM CHARACTERISTICS AND A R I A  
TELEMETRY SUPPORT CAPABILITIES 

S ince  t h e  c h a r a c t e r i s t i c s  o f  t h e  t e l e m e t r y  subsystem 
and t h e  CCS of  t h e  I U  w i l l  be i d e n t i c a l  t o  t h o s e  o f  t h e  cor respond-  
i n g  subsystems of  t h e  I U  of t h e  Sa tu rn  V Launch Vehic les  o f  t h e  
Apollo Program, t h e s e  c h a r a c t e r i s t i c s  w i l l  n o t  be summarized i n  
t h i s  s e c t i o n .  The c h a r a c t e r i s t i c s  of t h e  AM t e l e m e t r y  subsystem 
and a d i s c u s s i o n  of t h e  d a t a  on t h e  performance of  t h e  programmed 
sequenced e v e n t s  of i n t e r e s t  i nc luded  i n  t h e  t o t a l  d a t a  t e l e m e t e r e d  
from t h e  AM i n  real-time a r e  p re sen ted  i n  S e c t i o n  4.1. A d i s -  
c u s s i o n  of  t h e  p r e d i c t e d  performance margin o f  t h e  t e l e m e t r y  
l i n k s  from t h e  AM and I U  t o  t h e  A R I A  i s  p r e s e n t e d  i n  S e c t i o n  4 . 2 .  

4.1 TELEMETRY SUBSYSTEM O F  THE AIRLOCK MODULE 

The t e l e m e t r y  subsystem of t h e  AM i s  composed o f  t h e  
P u l s e  Code Modulation (PCM) t e l eme t ry  equipment and a r a d i o  
f requency  t r a n s m i s s i o n  subsystem. 

4 . 1 . 1  PCM Telemetry Equipment 

The PCM telemetry equipment o f  t h e  AM w i l l  c o n v e r t  
and combine a l l  o f  t h e  analog and d i g i t a l  s i g n a l s  r e c e i v e d  from 
t h e  measuring subsystems o f  t h e  OWS, AM, and M u l t i p l e  Docking 
Adapter  (MDA) i n t o  a s i n g l e  s e r i a l  b i n a r y  coded (PCM) s i g n a l  
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of 51.2 k i l o b i t s  p e r  second ( k b p s ) .  Th i s  PCM s i g n a l  w i l l  con- 
t a i n  a l l  o f  t h e  housekeeping and p o s t  mi s s ion  a n a l y s i s  t y p e  
d a t a  on MDA, AM, and OWS subsystems as w e l l  as d a t a  from e x p e r i -  
ments conducted i n  t h e  MDA/AM/OWS. 

Data i n c l u d e d  i n  t h i s  51.2 kbps PCM s i g n a l  which per -  
t a i n  s o l e l y  t o  t h e  v e r i f i c a t i o n  of o r  t o  t h e  p o s t  mi s s ion  a n a l y s i s  
of t h e  performance of  t h e  major programmed sequencing  e v e n t s  has  
c u r r e n t l y  been d e f i n e d  t o  c o n s i s t  o f  28 d i s c r e t e  ( o n / o f f )  measure- 
ments and 26 analog measurements. Four of t h e s e  d i s c r e t e  measure- 
ments w i l l  be  used t o  v e r i f y  t h a t  t h e  redundant  deploy  buses  and 
t h e  redundant  s e q u e n t i a l  buses  of t h e  AM have been powered. Mon- 
i t o r i n g  o f  t h e  PS j e t t i s o n  f u n c t i o n  w i l l  be  accomplished by f o u r  
d i s c r e t e  measurements which v e r i f y  s e p a r a t i o n  o f  t h e  f o u r  PS seg- 
ments f r o m  t h e  SWS and 1 2  analog measurements which m o n i t o r  t h e  
cha rge  c o n d i t i o n  o f  t h e  f i r i n g  u n i t s  f o r  t h e  l a t c h  and s e p a r a t i o n  
j o i n t  exp lod ing  b r idgewi res  ( E B W ' s ) .  Monitor ing o f  t h e  ATM de- 
ployment f u n c t i o n  w i l l  be accomplished by t w o  ana log  measurements 
which monitor  t h e  charge  c o n d i t i o n  f o r  t h e  f i r i n g  u n i t  o f  t h e  
redundant  ATM deployment assembly l a t c h  release p y r o t e c h n i c s ,  two 
d i s c r e t e  measurements which v e r i f y  t h a t  power has  been a p p l i e d  
t o  t h e  redundant  deploy  motors, and t w o  d i s c r e t e s  which i n d i c a t e  
t h a t  t h e  ATM deployment assembly has  been locked  i n  t h e  deployed 
p o s i t i o n .  Monit0rir .g of t h e  SWS so la r  a r r a y  deployment w i l l  be  
accomplished by f o u r  ana log  measurements which monitor  t h e  charge  
c o n d i t i o n  o f  t h e  redundant  f i r i n g  u n i t s  f o r  t h e  so la r  a r r a y  f a i r i n g  
release EBW's and f o r  s o l a r  a r r a y  wing s e c t i o n  r e l e a s e  EBW's ,  f o u r  
d i s c r e t e  measurements which i n d i c a t e  t h a t  t h e  t w o  s o l a r  a r r a y  wing 
f a i r i n g s  are secu red  i n  t h e  launch p o s i t i o n  or t h a t  t h e  s o l a r  a r r a y  
beams have been p r o p e r l y  deployed,  and s i x  ana log  measurements 
which monitor  t h e  p e r  c e n t  o f  f u l l  deployment f o r  each  o f  t h e  s i x  
so la r  a r r a y  wings. 
sys tem w i l l  be  cccomplished by t w o  d i s c r e t e  measurements which 
i n d i c a t e  t h a t  power has  been a p p l i e d  t o  t h e  ATM so lar  a r r a y  sys tem 
deploy  c i r c u i t s .  Monitor ing of t h e  deployment of t h e  VHF d i scone  
an tennas  of t h e  AM w i l l  be  accomplished by one discrete measure- 
ment which i n d i c a t e s  t h a t  t h e  h o t  w i r e  a c t u a t o r s  have been ac t i -  
v a t e d  and t w o  d i s c r e t e  measurements which i n d i c a t e  t h a t  t h e  
an tennas  have been deployed.  Monitor ing of  t h e  deployment of t h e  
OWS meteoro id  s h i e l d  w i l l  be accomplished by t w o  ana log  measure- 
ments which monitor  t h e  v o l t a g e s  s u p p l i e d  t o  t h e  redundant  E B W ' s ,  
and seven  discrete measurements which i n d i c a t e  t h a t  t h e  meteoro id  
s h i e l d s  are i n  t h e  stowed p o s i t i o n  o r  t h a t  t h e  meteoro id  s h i e l d s  
have been f u l l y  deployed.  

Monitor ing of deployment of t h e  ATM solar  a r r a y  

The 51.2 kbps PCM s i g n a l  g e n e r a t e d  by t h e  PCM tele- 
metry subsystem of t h e  AM w i l l  be  t r a n s m i t t e d  t o  t h e  MSFN i n  
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real-time. Three d i f f e r e n t  and e x c l u s i v e  s u b s e t s  o f  t h i s  PCM 
s i g n a l ,  each  c o n s i s t i n g  of 5.12 kbps and c a l l e d  a subframe,  w i l l  
be  extracted s i n g l y  o r  i n  p a r a l l e l  from t h e  s i g n a l  and may be 
s t o r e d  on-board f o r  l a t e r  t r a n s m i s s i o n  t o  t h e  MSFN. Three t a p e  
r e c o r d e r s  w i l l  be c a r r i e d  by t h e  AM and each  w i l l  be  c a p a b l e  of  
r e c o r d i n g  one 5.12 kbps s i g n a l .  The t a p e  r e c o r d e r s  may be op- 
e r a t e d  manually by a crewman o r  by command f r o m  t h e  ground. 

To date, t h e  sampling rates r e q u i r e d  f o r  each  o f  t h e  
28 discrete and 26 ana log  measurements have n o t  been e s t a b l i s h e d  
n o r  has  it been e s t a b l i s h e d  whether t h i s  d a t a  w i l l  be  inc luded  
i n  any one o f  t h e  t h r e e  5.12 kbps PCM s i g n a l s  o r  subframes 
which w i l l  be made a v a i l a b l e  f o r  on-board s t o r a g e .  

4 . 1 . 2  Radio Frequency Transmission Subsystem 

Four VHF FM t e l eme t ry  t r a n s m i t t e r s  w i l l  be  c a r r i e d  
.Each t r a n s m i t t e r  w i l l  be capab le  o f  t r a n s m i t t i n g  by t h e  AM. 

one PCM s i g n a l  t o  t h e  MSFN, e i t h e r  t h e  51.2 kbps PCM s i g n a l  
g e n e r a t e d  i n  real-time o r  a PCM s i g n a l  dumped from storage by 
one of t h e  t a p e  r e c o r d e r s .  T h r e e  of t h e  f o u r  VHF t e l e m e t r y  
t r a n s m i t t e r s  w i l l  o n l y  be used d u r i n g  pre launch  checkout  and 
E a r t h  o r b i t a l  phases  o f  t h e  SWS miss ion  i n  o r d e r  t o  avoid pos- 
s i b l e  permanent damage t o  t h e s e  t r a n s m i t t e r s  caused by h igh  
v o l t a g e  breakdown o f  t h e  a i r  i n  t h e  ven ted  t r a n s m i t t e r  pack- 
ages  a t  c r i t i c a l  p r e s s u r e s  encountered  d u r i n g  t h e  launch and 
e a r l y  E a r t h  o r b i t a l  phases  o f  t h e  miss ion  u n t i l  t h e  packages 
have vented  s u f f i c i e n t l y .  The o u t p u t  power o f  each of t h e  
t h r e e  t r a n s m i t t e r s  w i l l  be t e n  w a t t s  minimum. The f o u r t h  VHF 
t e l e m e t r y  t r a n s m i t t e r  w i l l  have an o u t p u t  power o f  2 w a t t s  
minimum and w i l l  o p e r a t e  a t  t h e  s a m e  carrier f requency  as one 
o f  t h e  t h r e e  t e n  w a t t  t r a n s m i t t e r s .  
o f  t h e  SL-1 miss ion  and du r ing  t h e  e a r l y  p o r t i o n s  o f  t h e  E a r t h  
o r b i t a l  c o a s t  phase ,  t h e  t w o  w a t t  t r a n s m i t t e r  w i l l  be  used t o  
t r a n s m i t  t h e  51.2 kbps PCM s i g n a l  gene ra t ed  i n  real-t ime. 
A f t e r  s u f f i c i e n t  t i m e  has  e l a p s e d  t o  ensu re  t h a t  t h e  t e n  w a t t  
t r a n s m i t t e r  packages have vented  s u f f i c i e n t l y  so t h a t  i n t e r -  
n a l  gas  p r e s s u r e s  are below t h e  c r i t i c a l  p r e s s u r e  r e g i o n ,  t h e  
t w o  w a t t  t r a n s m i t t e r  w i l l  be  d e a c t i v a t e d  and t h e  cor responding  
t e n  w a t t  t r a n s m i t t e r  w i l l  be  a c t i v a t e d  by command f r o m  t h e  
ground. I t  i s  n o t  clear a t  t h i s  t i m e  when t h e  t e n  w a t t  t r a n s -  
m i t t e r  w i l l  f i r s t  be used t o  t r a n s m i t  t h e  real-time 51.2 kbps 
PCM s i g n a l  d u r i n g  E a r t h  o r b i t a l  coast. 

During t h e  launch  phase 

The AM w i l l  be provided w i t h  t w o  VHF antenna  subsys-  

A m u l t i p l e x e r  w i l l  be provided  
t e m s ;  namely, (a )  t h e  launch antenna subsystem, and (b)  t h e  
E a r t h  o r b i t  antenna subsystem. 
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t o  pe rmi t  t h r e e  VHF t r a n s m i t t e r s  o p e r a t i n g  a t  d i f f e r e n t  carr ier  
f r e q u e n c i e s  t o  s h a r e  t h e  t w o  VHF antenna  subsystems.  The l aunch  
an tenna  subsystem w i l l  c o n s i s t  o f  a l i n e a r l y  p o l a r i z e d  VHF s t u b  
an tenna  mounted on t h e  f i x e d  p o r t i o n  of  t h e  PS between t h e  p l u s  
Y and p l u s  Z axes  o f  t h e  SWS and 45 degrees from t h e  p l u s  Y a x i s .  
The E a r t h  o r b i t  an t enna  subsystem w i l l  c o n s i s t  o f  two l i n e a r l y  
p o l a r i z e d  VHF d i scone  an tennas ,  each  deployed on a d i f f e r e n t  non- 
retractable boom f o r t y  feet i n  l e n g t h  a f t e r  t h e  PS h a s  been je t -  
t i s o n e d .  The booms w i l l  be l o c a t e d  +45 degrees f r o m  t h e  p l u s  Z 
ax is  of the SWS. The combined o u t p u t  from the VHF m u l t i p l e x e r  
may be  swi tched  t o  t h e  s t u b  antenna o f  t h e  launch  antenna sub- 
system or  t o  e i t h e r  one of t h e  t w o  d i s c o n e  an tennas  of  t h e  E a r t h  
o r b i t  an tenna  system via  c o a x i a l  swi tches  which may be o p e r a t e d  
manually by a crewman or by command from t h e  ground. 

4 . 2  TELEMETRY L I N K  PERFORMANCE MARGIN CALCULATION 

The c a l c u l a t i o n  of t h e  expec ted  q u a l i t y  of t h e  per -  
formance o f  t h e  VHF t e l e m e t r y  l i n k  from t h e  AM t o  an A R I A  i s  
d i s c u s s e d  i n  t h i s  s e c t i o n .  From expe r i ence  ga ined  d u r i n g  t h e  
Apollo Program, i t  i s  expected t h a t  t h e  performance of  t h e  CCS 
t e l e m e t r y  l i n k  f r o m  t h e  I U  t o  an A R I A  w i l l  be  a c c e p t a b l e  fo r  t h e  
maximum s l a n t  ranges  of i n t e r e s t .  Consequent ly ,  t he  performance 
o f  t h e  CCS t e l e m e t r y  l i n k  w i l l  n o t  be d i s c u s s e d  f u r t h e r .  

I f  it i s  d e s i r e d  t o  l i m i t  t h e  number of ARIA used t o  
t h e  minimum number r e q u i r e d  t o  f i l l  t h e  gap between coverage 
provided  by t h e  MAD and CRO MSFN s t a t i o n s  p l u s  t h e  r e q u i r e d  
s p a r e s ,  t h e  maximum communications r ange  between t h e  SWS and a n  
A R I A  w i l l  be approximate ly  1 2 0 0  n a u t i c a l  m i l e s .  T h i s  assumes 
t h a t  t h e  ARIA w i l l  be  f l y i n g  a t  an a l t i t u d e  o f  approximate ly  5 
n a u t i c a l  m i l e s  and t h a t  communications w i l l  be conducted a t  
e l e v a t i o n  a n g l e s  as l o w  as approximately 2 deg rees  from t h e  
loca l  h o r i z o n t a l  o f  t h e  ARIA. I t  should  be no ted  t h a t  opera-  
t i o n  a t  t h e s e  l o w  e l e v a t i o n  angles  w i t h  t h e  wide beamwidth pro- 
v ided  by t h e  VHF antenna  (approximately 4 0  deg rees )  of  t h e  A R I A  
may i n t r o d u c e  m u l t i p a t h  problems f r o m  sea r e f l e c t i o n s .  Mult i -  
p a t h  e f f e c t s  w e r e  n o t  considered i n  t h i s  a n a l y s i s .  

The r e s u l t s  of  t h e  c a l c u l a t i o n  o f  t h e  AM t o  ARIA 
t e l e m e t r y  l i n k  performance margin f o r  a range  of 1200 n a u t i c a l  
m i l e s  are p r e s e n t e d  i n  Table  1. I t  w a s  assumed t h a t  t h e  2 
w a t t  t r a n s m i t t e r  o f  t h e  AM would be used t o  t r a n s m i t  t h e  real.- 
t i m e  51.2 kbps PCM s i g n a l .  A s  i n d i c a t e d  ea r l i e r ,  a 1 0  w a t t  
t r a n s m i t t e r  w i l l  be a v a i l a b l e  on t h e  AM t o  t r a n s m i t  t h i s  real- 
t i m e  PCM s i g n a l ,  however, t h i s  t r a n s m i t t e r  cannot  be act ivated 
u n t i l  t h e r e  i s  adequate  assurance  t h a t  t h e  p r e s s u r e  o f  t h e  a i r  
remain ing  i n s i d e  o f  t h e  vented t r a n s m i t t e r  package has reached  
a v a l u e  below t h e  c r i t i c a l  breakdown p r e s s u r e  r e g i o n  o r  permanent 
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damage t o  t h e  t r a n s m i t t e r  may r e s u l t .  A t  t h i s  t i m e ,  i t  i s  n o t  
c lear  when it w i l l  be  s a f e  t o  ac t iva te  one of t h e  1 0  w a t t  t r a n s -  
m i t t e r s .  The p o s s i b i l i t y  does e x i s t  t h a t  t h e  1 0  w a t t  t r a n s m i t t e r  
c o u l d  be activated by ground command when t h e  SWS has  l i n e - o f -  
s i g h t  w i t h  t h e  MAD MSFN s t a t i o n ,  t h e r e b y  p rov id ing  an a d d i t i o n a l  
7dB o f  performance margin.  

Although -3dB was used as t h e  g a i n  of t h e  AM VHF an- 
t e n n a  i n  t h e  c a l c u l a t i o n ,  t h e  a c t u a l  g a i n  cou ld  be s u b s t a n t i a l l y  
less t h a n  -3dB o r  somewhat greater t h a n  -3dB. A s  i n d i c a t e d  
ea r l i e r ,  t h e  AM w i l l  be provided w i t h  a launch  an tenna  subsys-  
t e m  and an E a r t h  o rb i t  antenna subsystem. The launch antenna 
subsystem must be used f o r  VHF t e l e m e t r y  t r a n s m i s s i o n s  a t  l eas t  
u n t i l  t h e  PS has  been deployed and t h e  t w o  an tenna  booms o f  t h e  
AM, each  w i t h  a VHF d i scone  an tenna ,  have been s u c c e s s f u l l y  
deployed.  During nominal o p e r a t i o n s ,  t h e  an tenna  e lement  pro-  
v i d i n g  t h e  b e s t  r a d i a t i o n  p a t t e r n  f o r  communications w i t h  a 
p a r t i c u l a r  s t a t i o n  of t h e  MSFN w i l l  be  selected remotely from 
t h e  ground v ia  t h e  UHF command l i n k  t o  t h e  AM. S ince  an A R I A  
does n o t  have t h e  c a p a b i l i t y  t o  t r a n s m i t  commands t o  t h e  AM, 
one of t h e  t h r e e  an tenna  elements  ( t h e  VHF s t u b  an tenna  of t h e  
launch  an tenna  subsystem o r  e i t h e r  one of  t h e  two VHF d i scone  
an tennas  of t h e  E a r t h  o r b i t  antenna subsystem) chosen f o r  u se  
by command from t h e  MAD MSFN s t a t i o n  must be used e x c l u s i v e l y  
u n t i l  SWS c o n t a c t  w i t h  t h e  CRO MSFN s t a t i o n  i s  e s t a b l i s h e d .  
During t h i s  p o r t i o n  o f  t h e  SWS mis s ion ,  t h e  a t t i t u d e  o f  t h e  
SWS w i l l  change s u b s t a n t i a l l y .  When l i n e - o f - s i g h t  c o n t a c t  
between t h e  SWS and t h e  MAD MSFN s t a t i o n  i s  l o s t ,  t h e  SWS w i l l  
be s t a b i l i z e d  i n  t h e  r e t r o g r a d e  a t t i t u d e .  A s h o r t  t i m e  l a t e r ,  
t h e  SWS w i l l  a c q u i r e  and then  remain s t a b i l i z e d  i n  a s o l a r  
i n e r t i a l  a t t i t u d e  w i t h  t h e  minus Z-axis of t h e  SWS p o i n t i n g  
i n  t h e  d i r e c t i o n  o f  t h e  Sun. Although measured an tenna  r a d i a -  
t i o n  p a t t e r n s  are n o t  ava i lab le ,  it appears  r easonab le  t h a t  
t h e  same antenna  e lement  would n o t  p rov ide  t h e  b e s t  r a d i a t i o n  
p a t t e r n  toward t h e  r e l a t ive  p o s i t i o n  of  t h e  A R I A  for  t h e  range 
o f  p o s s i b l e  SWS a t t i t u d e s  and A R I A  p o s i t i o n s  r e l a t i v e  t o  t h e  
SWS. Furthermore,  if t h e  VHF d i scone  an tennas  w e r e  n o t  de- 
p loyed ,  t h e  VHF s t u b  an tenna  o f  t h e  launch subsystem would have 
t o  be used. During t h e  per iod  of p o s t u l a t e d  A R I A  s u p p o r t ,  t h e  
p l u s  Z-axis o f  t h e  SWS w i l l  g e n e r a l l y  be p o i n t i n g  away from t h e  
E a r t h  w h i l e  t h e  VHF s t u b  antenna w i l l  be l o c a t e d  midway between 
t h e  p l u s  Y and p l u s  Z-axes of t h e  SWS. T h e r e f o r e ,  it seems 
l i k e l y  t h a t  t h e  r a d i a t i o n  p a t t e r n  o f  t h i s  an tenna  toward t h e  
v a r i o u s  r e l a t ive  p o s i t i o n s  of t h e  A R I A  w i t h  r e s p e c t  t o  t h e  SWS 
w i l l  be  less t h a n  -3dB w i t h  r e s p e c t  t o  a n  i s o t r o p i c  an tenna  
r a d i a t i o n  p a t t e r n .  
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A s  i s  shown i n  Table 1, t h e  c a l c u l a t e d  margin f o r  t h e  
AM t o  A R I A  t e l e m e t r y  l i n k  performance o v e r  a range of 1 2 0 0  n a u t i c a l  
m i l e s  i s  -10.6dB. Th i s  may be i n t e r p r e t e d  as meaning t h a t  t h e  
maximum range  ove r  which t h e  ARIA can  s u p p o r t  t h e  VHF t e l e m e t r y  
l i n k  from t h e  AM i s  approximately 340  n a u t i c a l  m i l e s .  I t  i s  
a p p a r e n t  t h a t  t h e  number of ARIA r e q u i r e d  t o  cover  t h e  gap between 
SWS c o n t a c t s  w i th  t h e  MAD and CRO s t a t i o n s  would f a r  exceed t h e  
number of ARIA c u r r e n t l y  a v a i l a b l e  i f  t h e  maximum range between 
t h e  ARIA and t h e  SWS f o r  a c c e p t a b l e  communications w e r e  l i m i t e d  
t o  340 n a u t i c a l  m i l e s .  

I f  one of  t h e  1 0  wat t  t r a n s m i t t e r s  could  be used  i n  
p l a c e  o f  t h e  2 w a t t  t r a n s m i t t e r  f o r  t r a n s m i s s i o n  of AM t e l e m e t r y  
d a t a  d u r i n g  t h e  t i m e  p e r i o d  of i n t e r e s t ,  t h e  A R I A  cou ld  s u p p o r t  
t h e  real-time VHF t e l e m e t r y  l i n k  from t h e  AM ove r  a maximum range  
of  approximate ly  760 n a u t i c a l  m i l e s .  Th i s  i n c r e a s e d  range  capa- 
b i l i t y  reduces  t h e  number o f  A R I A  r e q u i r e d  t o  cover  t h e  gap be- 
tween SWS l i n e - o f - s i g h t  c o n t a c t s  w i t h  t h e  MAD and CRO MSFN s ta -  
t i o n s  t o  s i x  p l u s  s p a r e s .  

5.0 SUMMARY AND SUGGESTIONS 

Some of  t h e  programmed sequenced e v e n t s  performed by 
t h e  SWS under  c o n t r o l  o f  t h e  I U  d u r i n g  t h e  f i r s t  50  minutes  a f t e r  
i n s e r t i o n  of Skylab A i n t o  Ear th  o r b i t  which are c r i t i c a l  t o  t h e  
mis s ion  s u c c e s s  w i l l  occur  when Skylab A i s  n o t  w i t h i n  l i n e - o f -  
s i g h t  of  one of t h e  e x i s t i n g  land-based s t a t i o n s  of  t h e  MSFN 
(see F igure  1). D a t a  necessary  f o r  p o s t  miss ion  a n a l y s i s  of  
t h e s e  c r i t i c a l  e v e n t s  w i l l  be i n c l u d e d  i n  t h e  real-time t e l e m e t r y  
l i n k s  from t h e  AM and t h e  I U .  R e t r i e v a l  of  t h i s  d a t a  i s  h i g h l y  
d e s i r a b l e  from t h e  s t a n d p o i n t  of i n c o r p o r a t i n g  f i x e s  i n  Skylab B 
i f  n e c e s s a r y  as a r e s u l t  o f  SWS f a i l u r e  t o  perform any of t h e  
mis s ion  c r i t i c a l  programmed sequenced e v e n t s  c a u s i n g  c a n c e l l a t i o n  
of  manned v i s i t  miss ion  t o  Skylab A .  A p roposa l  has  been made 
t o  u s e  A R I A  t o  r e c o r d  t h e  data t r a n s m i t t e d  by t h e  AM and I U  
t e l e m e t r y  l i n k s  d u r i n g  t h o s e  t i m e  p e r i o d s  of  i n t e r e s t  when t h e  
SWS i s  n o t  w i t h i n  l i n e - o f - s i g h t  of  a land-based s t a t i o n  o f  t h e  
MSFN.  I t  w a s  assumed t h a t  t h e  Vanguard (Apollo i n s t r u m e n t a t i o n  
s h i p )  would be used t o  f i l l  t h e  communications gap between t h e  
BDA and MDA MSFN s t a t i o n s .  

I t  i s  p o s s i b l e  t h a t  t h e  VHF d i scone  an tennas  o f  t h e  
AM w i l l  f a i l  t o  deploy and t h a t  t h e  VHF s t u b  an tenna  of  t h e  launch  
ah tenna  subsystem of t h e  AM must be  used f o r  a l l  t e l e m e t r y  t r a n s -  
m i s s i o n s .  I f  t h e  VHF d iscone  an tennas  are deployed,  r a d i a t i o n  
from o n l y  one of  t h r e e  p o s s i b l e  an tenna  e lements  ( t h e  VHF s t u b  
an tenna  o f  t h e  launch  antenna subsystem o r  e i t h e r  one of t h e  t w o  
VHF d i scone  an tennas  of t h e  Ea r th  o r b i t  an tenna  subsystem) o f  t h e  
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AM w i l l  be p o s s i b l e  a t  any given t i m e  and s e l e c t i o n  of t h e  an- 
t e n n a  element  t o  be used  w i l l  be  accomplished by ground command. 
However, t h e  A R I A  do n o t  have t h e  c a p a b i l i t y  o f  t r a n s m i t t i n g  
commands t o  t h e  AM and t h e  a t t i t u d e  o f  t h e  SWS w i l l  be changing 
from a r e t r o g r a d e  a t t i t u d e  t o  a so l a r  i n e r t i a l  a t t i t u d e  du r ing  
t h i s  t i m e  p e r i o d .  Consequent ly ,  t h e  an tenna  e lement  chosen f o r  
u se  may n o t  p rov ide  t h e  b e s t  r a d i a t i o n  p a t t e r n  of t h o s e  available 
f o r  a g iven  re la t ive  l o c a t i o n  of an  A R I A  w i t h  r e s p e c t  t o  t h e  SWS 
t h e r e b y  reducing  t h e  range  over  which an A R I A  can  s u p p o r t  a 
t e l e m e t r y  link of t h e  AM. I n  a d d i t i o n ,  use  of one of t h e  1 0  
w a t t  t r a n s m i t t e r s  of  t h e  AM i n  p l a c e  o f  t h e  2 w a t t  t r a n s m i t t e r  
used d u r i n g  t h e  launch  phase may n o t  be p o s s i b l e  d u r i n g  t h i s  
t i m e  p e r i o d  of  t h e  SWS m i s s i o n  t o  avo id  c a u s i n g  permanent dam- 
age t o  t h e  1 0  w a t t  t r a n s m i t t e r  th rough t h e  mechanism o f  h igh  
v o l t a g e  breakdown r e s u l t i n g  from o p e r a t i o n  of t h e  t r a n s m i t t e r  
b e f o r e  a i r  i n  t h e  t r a n s m i t t e r  package has  been s u f f i c i e n t l y  
ven ted .  U s e  o f  a 1 0  w a t t  t r a n s m i t t e r  f o r  t e l e m e t r y  t r ansmis -  
s i o n s  from t h e  AM may be s e l e c t e d  by ground command. I f  t h e  
use  of a 1 0  w a t t  t r a n s m i t t e r  is assumed, t h e  maximum s l a n t  
range  over which t h e  A R I A  can  s u p p o r t  t h e  AM t e l e m e t r y  l i n k  i s  
p r e d i c t e d  t o  be approximate ly  760 n a u t i c a l  m i l e s .  T h e r e f o r e ,  
if t h e  ARIA are assumed t o  be e q u a l l y  spaced a long  t h e  ground 
t r a c k  o f  t h e  SWS, s i x  A R I A  p l u s  s p a r e s  w i l l  be r e q u i r e d  t o  f i l l  
t h e  communications coverage gap between t h e  MAD and CRO MSFN 
s t a t i o n  l i n e - o f - s i g h t  c o n t a c t s  w i t h  t h e  SWS. I t  w a s  assumed i n  
t h i s  a n a l y s i s  t h a t  VHF t e l eme t ry  r e c e i v e  s u p p o r t  and UHF up- 
d a t a  t r a n s m i s s i o n  suppor t  c a p a b i l i t i e s  w i l l  be added t o  bo th  
t h e  MAD and HSK M S F N  s t a t i o n s  b e f o r e  t h e  Skylab A launch  d a t e .  
Depending upon t h e  t i m e  when deployment o f  t h e  ATM and OWS so lar  
a r r a y s  i s  i n i t i a t e d ,  an A R I A  may a l so  be r e q u i r e d  t o  p rov ide  SWS 
t e l e m e t r y  suppor t  d u r i n g  t h e  communications coverage  gap between 
t h e  CRO and H S K  MSFN s t a t i o n  l i n e - o f - s i g h t  c o n t a c t s  w i t h  t h e  SWS 
(See F igure  1) .  I f  t h e  2 w a t t  t r a n s m i t t e r  must be used d u r i n g  
t h i s  t i m e  pe r iod  o f  i n t e r e s t ,  t h e  maximum s l a n t  range  over which 
t h e  A R I A  can suppor t  t h e  real-time t e l e m e t r y  l i n k  from t h e  AM 
i s  p r e d i c t e d  t o  be approximately 3 4 0  n a u t i c a l  m i l e s .  I t  i s  ob- 
v i o u s l y  i m p r a c t i c a l  t o  cons ide r  u se  o f  A R I A  under  such circum- 
s t a n c e s .  I t  should  be no ted  t h a t  from e x p e r i e n c e  i n  t h e  Apollo 
Program t h a t  t h e  A R I A  w i l l  be capab le  o f  s u p p o r t i n g  t h e  CCS 
t e l e m e t r y  l i n k  from t h e  I U  over  s l a n t  ranges  g r e a t e r  t h a n  760 
n a u t i c a l  m i l e s .  

A s  i n d i c a t e d  ear l ie r ,  38  d i s c r e t e  (on /o f f )  measure- 
ments and 26 ana log  measurements have been i d e n t i f i e d  a t  t h i s  
t i m e  p e r t a i n i n g  s o l e l y  t o  t h e  performance of t h e  programmed se- 
quence e v e n t s  and t h e s e  w i l l  be inc luded  i n  t h e  d a t a  telemetered 
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i n  real-time from t h e  AM. A s  y e t ,  t h e  r e q u i r e d  sampling rates 
f o r  t h e s e  measurements have not  been i d e n t i f i e d  no r  has  it been 
de termined  whether  t h i s  d a t a  w i l l  be i n c l u d e d  i n  any one o f  t h o s e  
s u b s e t s  of  t h e  real-time 5 1 . 2  kbps PCM d a t a  s i g n a l  g e n e r a t e d  by 
t h e  PCM t e l e m e t r y  equipment c a l l e d  subframes which w i l l  be made 
a v a i l a b l e  f o r  s t o r a g e  on t a p e  r e c o r d e r s  o f  t h e  AM. A s  an a l t e r -  
n a t i v e  t o  t h e  use  of A R I A  t o  r e t r i e v e  d a t a  f o r  p o s t  mi s s ion  a n a l -  
y s i s  of  t h e  performance of t h e  programmed sequenced e v e n t s ,  it 
i s  sugges t ed  t h a t  a l l  data necessa ry  f o r  t h i s  p o s t  f l i g h t  a n a l y s i s  
i n c l u d i n g  a t t i t u d e  d a t a  from t h e  I U  be  i n c l u d e d  i n  one o r  more o f  
t h e s e  r e c o r d a b l e  subframes which would t h e n  be  s t o r e d  by t h e  t a p e  
r e c o r d e r s  of  t h e  AM d u r i n g  those  t i m e  p e r i o d s  of  i n t e r e s t  when 
l i n e - o f - s i g h t  c o n t a c t  between t h e  SWS and e x i s t i n g  s t a t i o n s  of  
t h e  MSFN d i d  n o t  e x i s t .  T h i s  s t o r e d  d a t a  could be dumped t o  any 
s t a t i o n  of  t h e  MSFN upon command from t h a t  s t a t i o n  a t  s o m e  l a te r  
t i m e .  

S h c e  t h e  c a p a b i l i t i e s  now e x i s t  f o r  t h e  t a p e  r e c o r d e r  
of  t h e  AM t o  be c o n t r o l l e d  by ground command, t h e  MAD MSFN s t a -  
t i o n  cou ld  t r a n s m i t  commands t o  t h e  AM t o  c o n f i g u r e  t h e  t e l e m e t r y  
and d a t a  s t o r a g e  subsystems of t h e  AM p r o p e r l y  so t h a t  t h e  d a t a  
r e q u i r e d  f o r  p o s t  miss ion  a n a l y s i s  of t h e  performance of  t h e  pro-  
grammed sequenced e v e n t s  could be s t o r e d  on-board t h e  AM. S ince  
each of  t h e  t a p e  r e c o r d e r s  o f  t h e  AM has  a cont inuous  r e c o r d  
c a p a b i l i t y  o f  4 hours  and an end o f  t a p e  s e n s o r  which w i l l  au to -  
m a t i c a l l y  s h u t  o f f  t h e  t a p e  r e c o r d e r ,  c l o s e  c o n t r o l  o f  t h e  t a p e  
r e c o r d e r s  would n o t  be  r e q u i r e d  a f t e r  i n i t i a l  a c t i v a t i o n .  Thus 
t h e  r e c o r d e r s  could  be used t o  s tore  d a t a  on e v e n t s  o c c u r r i n g  
a f t e r  l i n e - o f - s i g h t  contact with t h e  H S K  MSFN s t a t i o n  i s  l o s t  
by t h e  SWS and t o  playback t h e  s t o r e d  d a t a  t o  any s t a t i o n  of t h e  
M S F N  whenever conven ien t .  The d a t a  s t o r e d  by t h e  t a p e  r e c o r d e r s  
w i l l  n o t  be des t royed  du r ing  playback the reby  e n a b l i n g  t h e  s t o r e d  
d a t a  t o  be t r a n s m i t t e d  t o  t h e  ground m u l t i p l e  t i m e s  i n  t h e  e v e n t  
t h a t  t h e  f i r s t  t r a n s m i s s i o n  of t a p e  r e c o r d e r  playback d a t a  i s  
n o t  s u c c e s s f u l l y  r e c e i v e d  by a s t a t i o n  of  t h e  MSFN. 

I t  i s  p o s s i b l e  t h a t  t h e r e  w i l l  n o t  be a s u f f i c i e n t  
number of s p a r e  channels  i n  t h e  format  f o r  t h e  pr imary subframe 
of  t h e  5 1 . 2  kbps PCM s i g n a l  gene ra t ed  by t h e  PCM t e l e m e t r y  equip-  
ment o f  t h e  AM t o  accommodate t h e s e  measurements on t h e  p e r f o r -  
mance o f  t h e  programmed sequenced e v e n t s .  Under c u r r e n t  p l a n s ,  
t h e  pr imary subframe w i l l  i nc lude  t h e  minimum amount o f  t h e  
housekeeping d a t a  on MDA, AM, and OWS subsystems needed d u r i n g  
t h e  a c t i v e  miss ion  by f l i g h t  c o n t r o l l e r s  a t  t h e  Mission C o n t r o l  
C e n t e r  (MCC) f o r  t r e n d  a n a l y s i s  and ma l func t ion  d e t e c t i o n  d u r i n g  
t h o s e  p e r i o d s  when t h e  SWS i s  n o t  w i t h i n  l i n e - o f - s i g h t  o f  an 
MSFN s t a t i o n .  The primary subframe w i l l  u s u a l l y  be r eco rded  
d u r i n g  those p e r i o d s  and w i l l  be dumped when l i n e - o f - s i g h t  
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between t h e  SWS and an M S F N  s t a t i o n  i s  a g a i n  ach ieved .  A l s o  
under c u r r e n t  p l a n s ,  t h e  remaining subframes which can be  made 
a v a i l a b l e  f o r  r e c o r d i n g  w i l l  l a r g e l y  i n c l u d e  d a t a  from e x p e r i -  
ments.  S ince  t h e r e  are i n s u f f i c i e n t  channels  a v a i l a b l e  i n  t h e  
fo rma t s  fo r  t h e s e  subframes t o  accommodate t h e  d a t a  from a l l  
exper iments  s i m u l t a n e o u s l y ,  some of t h e  channe l s  w i l l  be t i m e -  
s h a r e d  by v a r i o u s  exper iments  which w i l l  never  be conducted 
s imul t aneous ly .  The  s w i t c h i n g  of i n p u t  data t o  these channe l s  
w i l l  be accomplished manually by a crewman on-board Skylab A. 
I f  t h e  format for t h e  pr imary subframe cannot  accommodate t h e  
a d d i t i o n a l  measurements for  pos t  f l i g h t ,  it i s  sugges t ed  t h a t  
t h o s e  channels  a l r e a d y  t ime-shared by exper iment  d a t a  i n  one 
of  t h e  r e c o r d a b l e  subframes be used t o  accommodate these addi -  
t i o n a l  measurements. T h i s  appears  a t t r a c t i v e  because  e x p e r i -  
men t s  w i l l  n o t  be conducted dur ing  t h e  performance of the  pro- 
grammed sequenced e v e n t s  a n d ,  a f t e r  a c t i v a t i o n  of Skylab  A when 
exper iments  w i l l  be conducted,  measurements o f  pa rame te r s  fo r  
assessment  of t h e  performance of t h e  programmed e v e n t s  w i l l  be 
meaningless .  Thus when t h e  crew a r r i v e s  a t  t h e  Skylab  A ,  a 
crewman could  manually s w i t c h  d a t a  from a p p r o p r i a t e  exper iments  
i n t o  t h o s e  channels  used f o r  d a t a  on t h e  performance of  t h e  pro-  
grammed e v e n t s .  Consequent ly ,  r e c o r d i n g  o f  t w o  subframes would 
m o s t  l i k e l y  be r e q u i r e d  d u r i n g  t h o s e  t i m e  p e r i o d s  of i n t e r e s t  
d u r i n g  t h e  a c t i v a t i o n  of Skylab A. The AM c u r r e n t l y  has  t h e  
c a p a b i l i t y  t o  r e c o r d  t w o  subframes s imul t aneous ly  and t o  t r a n s -  
m i t  t h e  playback of t h e  s t o r e d  data from two t a p e  recorders 
s imul t aneous ly  w i t h  t r a n s m i s s i o n  of t h e  real-time 51.2 kbps 
PCM d a t a  s i g n a l  g e n e r a t e d  i n  the  AM. 
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AM to ARIA Telemetry Link Performance Margin 

for a Range of 1200 Nautical Miles 

Transmitter power (2.0 watts) 

Transmission line losses between Transmitter and antenna 

Transmit antenna gain 

Polarization and receive antenna pointing loss 

Free space loss (range - 1200nm; transmitter frequency = 
246.3MHz) 

Receive antenna gain 

Transmission line losses between antenna and preamplifier 

Total signal power received by the ARIA 

Receiver noise spectral density (antenna noise temperature 
= 29OoK; Transmission line temperature = 29OoK; preampli- 
fier noise figure = 4.5 dB) 

Receiver IF bandwidth (300kHz) 

Total noise power in the ARIA receiver 

Received signal-to-noise ratio 

Required signal-to-noise ratio for discriminator threshold 

Telemetry link performance margin 

+3.0 dBW 

-4.0 dB 

-3.0 dB 

-3.0 dB 

-147.2 dB 

12.0 dB 

-3.1 dB 

-145.3 dBW 

-199.5 dBW 

+54.8 dB 

-144.7 dBW 

-0.6 dB 

10.0 dB 

-10.6 dB 


